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(54) OPTICAL ELECTRODE AND DYE SENSITIZING 
TYPE SOLAR BATTERY HAVING THE SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
electrode having a superior incident light absorbing 
efficiency and a dye sensitizing type solar battery 
having a superior energy conversion efficiency. 

SOLUTION: The optical electrode 10 has a 
semiconductor electrode 2 with a light receiving surface 
F2, and a transparent electrode 1 arranged on the Hght 
receiving surface F2 so that the transparent electrode 
is adjacent to the semiconductor electrode. The 
semiconductor electrode 2 comprises a plurality of more 
than three layers, each of which contains oxide 
semiconductor particles as a semiconductor material. The 
average particle diameter of the oxide semiconductor 
particles included in each layer increases from the most 
inner layer 21 arranged in the closest position to the 
transparent electrode to the most outer layer 22 
arranged in the farthest position to the transparent 
electrode. 
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Bfmmm3±.iz*mftt:mtf;izmmzit$>jjmb ixu 
vmcD-frmzm^&zbifix'Zh. mm. «^t-A 
mm. fctinjafmrn. xs*y?mm. 
-j*mmm<w>sfmMmzm^x %>±<. mmmnRfc 
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[00 50] z&xoizLxitmmi ozimLttk 

10fc, Sill K^-f 4 o tcffl^±(f T , 

PWJ5t=1BWKES:5te«L. £Sii&M±Hm?ft2 0 £5£ 

[00511 [*ZgStt»»] mT. 04 *«SLW 

#«®<OF^ff&£^1£^»rffi0-C£> & . 
[0052} *ggtegfig<9ft«ff 1 1 ( EfiHH*) 14. 
04 fciStf- J: o lz . ¥3g#m@ 2 OSrtgffOJl 2 1 kit 

^ttfiff (^cfi^) P3fc^stcstr&Bm:!ft2|i 
i frkBswmm 2 2 lawf-cnun tr ^sitw 

1 fife: i "9 , r W&SJ4 
fifths 2 1 *»6«tSlkO*2 2tC36»ltfittSlrt-&i 
fc{c3r&. .KOftmflSl Hcfcwcti, iie^jt^^- 

2 ftiz&n&j&ft<omi$}m<oft±&mt>tix ^ * . 

[0 05 3] -etT. itfMK«flEl l**^3tfeSSittS 
S±Hffivffe <B5H*-f ) {4. ^K3tm@l lfiWiBl 

iz^Ltz&mmmmmwm 1 o t raaowjfc* w-r 

i*^3t«« i o at; &x&3abtmj& 2 o t mme> 

[0054] imEMmm") or. 05 *mk 

*>. _bb Ltem-mm&mizm txmm ttzmmt m- 
enmmiz^x\±ffi-<7>w%$:tiL. mm-hmmxg 

imm^umm^-pmmmmx'h h . 
[0055] ^mmmmM. 1 2 ( m^t-t > (4. 
0 5 tc^-r 4 a k . 2 og^h^® 221^ 
B5ct--g»4^fr«^* 1 1 wmnma&mimT-p 3 
&wh±. 0 1 (c*-r3K«s 1 0 1 mwnm&tt 

LT^&. -T^i?*>. 05(c^im$#mii2l4. ft® 
®2 2^^*^fej©@OS=5rS 2«toIM3«#SWW& : F : 

StF (*@fi^) P3) *>£l8j£SiVC:fc9. ^tti^h 

cosset, #® r i: (Dmitm^mim.^cr,^ 



ft&ttgrtS&OJI 2 1 *»£>g*|^)JI 2 2 CjWtTSHni 

2 ASt5tO©JR^^(S]±*<0^ilT 

[0056] -f-LT. .rcOftmfiSl 2£fllM.fcfc*lttg 
SbkRttife (0*H!"f ) (4. Si3Ktil 2J3M401 

mttitfoew&mitmzm&zti?* mux. atiz 
m«3zyemm 1 Q8.u&mmmL±mmm2 ot mmn 
xmiz 4 0 mm-h z t vx-i* h . 
[0057] mwmmm uxr. 06 «r«siL**» 

±3£Ltzm-mmBmizmLxmwLtzmmtm-- 

crmmz-j^X {4PJ-c7)^$r# L . 5« 
B&^-S. 06<4. *^BJ^«fiiO^H|IM^£7>^ 

*««i^rtgeiijti^-r^®i®0T'?>^ . 

[0058] 3l^Ufi^®03K«fii 1 3 (0^-fr-f ) (4. 
0 6 (C^-T 2 OF^Sli® 2 3 £flfj£-r 

tmgmtmtf 1 aa^-ft^^fwi^ p 3^t-^ 

-fb^^f*^ P 4 <7>*T'& &ISWJ4. 0 1 lz5k-t%M 

mi otffimcvmj&ttLx^z. zc^m^. s 
tmcom 2 2 zmfttzmtwtmwm-p 4 <m-*m. 
mmim&mmtt p 3 <w*^a@4 •? < 

!f55^Mi^^)¥^i@(4«P , lg|5^® 2 1 j6^^a5<r) 
^2 2^{4TtMSirr^^i:{c^:^„ 3tc 

fcv^T«4. ±m<vffimz?i-tz>¥mwmm2 zmtzz 

t tc4 . 2 p"gfcfctt&AI*^©JR3» 

^oife)±^0^ixTv^. 

[0059} ^LT. Zcrtfttmi3£ffii.*:&m®m 

m±w,nw (0^r-f) t4. mmftw&i 3^401 
iz5kLtz-&mm>mtk¥%mm 1 0 fcp^ora&svrf 

4. 3C«ffil3aif3K««13*«i«M»«S 

s±i©m?te<oMa§^rft«4#t[5B^$fi-r. mtn. mz 
mKtzxmm 1 oat/fefgiM^*n«fa2 0 1 mm<?> 

[0060} *m\<mm%mmmiz^xw. 

[0061] mtif. iMzvmmBmizte^xte. 3m 

tz&mmimusMmmz^xmwLtiw. *m*r> 
ftmmv : &mm!m±mmmzztiizmfczti& %><d 
T-i4^rv\ mm. *mi<rm.wm$. m7iz7i?t%M 
m 1 4<?)4 o iz. 4m£itv>mfrt>ffij&ztLfz*mft& 

©22rHi.Sfg^$rWLT^Tt £W Wz.tf. 07tc 

^xwmi 4co¥mm%m2te. s^gp^@2 1 
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tYUcom 2 2 t . gftgflOJI 2 1 1 S^hSS<5D« 2 2 i: <?> 
ratcES$/l|,rt^® 2 3RX/2 4 tfrt>ffil&ZtlX^ 

OJl 2 1 2 2 £0»«Ti||fllrt-* J: 9 
[0062] 

[0063] (mmm i ) MTizm-t^mizx o . m 5 

L, SC. ^^«®^ffl^^J^h{iS3^-Tfe^li 
&£*NMti&2 0 fclWtt^^^^-r^ 5X2 OmmO 

[0064] st-r. t i o z sf ( n-?~e . B*T 

xnyV^i. iSa« ; rP25j, ; 2 5 n 

m, i^T, P2 5kV>3> £T-fe^T-fch>\ -^^y 

Rmm&m (sc£«h-§!l ; r T r i 

t on-Xj ) £JDX, ^LTfifigfl^Jf 2 l^jSJB 
«X7 V- ( P 2 5<0-i-^M ; 1 5M*%. lilT\ J*7 
1>-1 fciWRLfc. 

[0065]»:t:, P25t, HfBWfcfcgT i 0 2 ?£T 
(T-*-*-- b\ W&fl: 180nm, UT. PI 80 
kV*3)k£fflV^ P2 5k P 1 80k<?>3l;ftJt#\ P 
25 : PI 80= 1 : 1 J: ^fcLfcEPMiffiilto 

X7'J-lt H&OfiSIBHf £J: 0 . 2 3^fi£ffl 

(P2 5^tl; 7. 511%, P180 
^Wfi; 7. 5Sf*%, UtT. *7U-2k-r&> £ 

[0066] mz. p i ao<Dfr£m^tzMs>umi£c?> 
xjv-i tmrnowms&Mizj:*). ft®m2 3&fm 

co^y 0- ( P 1 8 Ocottm ; 1 5ST4%. m~F. * 

[00671-j, ^'5^.s^4 (mwtm&tfyx ) 

±(C7 xSb'-r$n^:Sn0 2 ^mM3 7 0 

Onm) £J&RLfciS»Ji««l (J*$ ; 1 . 1mm) £ 

[00 68] ^(C, X5l»-2St/X7'J-3S-ffl^T 
dOM^kM^k^^Oil-r-kt.tO, SnO^i 

iRjbtca 5 iz^-t^mmm 2 1 nm^mm^mi^m. 
% {^%mcom ; 1 . ocm^ mm-, 1 5/znu a 

rtSP<7)S2 icomm : 5jum, flgBJf 2 30JIJ5; 5u 



[0069] -^f&. ^ttmSOgffiCfefSISrfcJlT^ 
J: ofcLT 5frr. li^fefgk LT^-^ 

■^fgffc [cis-Di (thiocyanato)-N,N'-bis(2,2 , -bipyridy 
1-4,4'dicarboxylic acid)-ruthenium(II) ] £r#JV\ ,1 

ticozc^y-fumm. (mm&mcomm 3 x 1 o-*mo 
i/L) srp^L^. &c zommz^miimmzm 
»u &o°c<7y&m3kfto>i>tx'2ommfoWLti. a 
nizx 0 „ 2 mtmm2coi*imzmB&m$#) 1. ox 

10-'mo l/cm*i»*$-frjfc. HtJfcUffVo 

WMZA-tert-yi-frWi/ycOT-t b—b \))U%ffllZ 
l 5 tfilS Lfcf*. 2 5 'Olefin LfcfiS6*S4>fc:*s v ^ 

[0070] iJ^C ±iec7«tmffii: (iiao^^i:^:^ $ 
££-t£*r@k LT\ m^t*-A^*ftfcJ: >JP t*^ 
*$^^B^mtt^'^X««i ( P t^c7)J5§ ; 3 n 
m) timi,*:. iJt. «M«E^LT. 3^5g. 

■9--S (^p a B =a: r^ws^^j ) £KSfl|u 03^ 

[0071} (HitM2 ) *3WMW<?D»ja*JJtT^«l: 
O02^t7t7t«@l 0Sl/a3^L^fe*i.®M 

[007 2] P25t, P180k$rfflV\ P2 

5 1 P 1 8 0 kOffJUbP* P25:P180 = 7:3 
k i o LfeJ*W-«i3jStf5X 5 'J - 1 k RflkoHSI 

J: •? . 2 3mf$.m<?>x 5 y - ( p 2 5 o# 

Wfi ; 10. 5Mi%, P 1 8 Oc^WS ; 4 . 5 MM. 

[0 0 7 31 *LT. HU^OX^'J-l^^fflLTSrt 
»OJB2 1^»lRL, X7';-4 5ffflUrai2 3 
L . HU^<0^. 9 0 - 2 LT&ft&com 2 2 

Ltz . wmm&m 1 k pjat lt , sno 2 « 

WBUttrH l tc*^*»fWM 2 k Pia^fii^c^^^ 
€® (^3l£ffic7)ffia ; 1cm 2 , MM ; 1 5>uiru Srt 
m<7)m2lcr>mm; 5Mm, l*lg5S2 30®Ji:; 5// 
m. &^C0m22C0mm; 5vm) Sr^L. iiiSfe 

[0074] ( mmm 3 ) ^mtmmcomm^&.Tcox 
o izLxn r>t:zbnmt. mmMi tmmcr&mizj: 

0 m 1 C?rc L/C7t«fii 1 0 at/ia 3 iz^k L?c&mmmgi 
SbkVkmmZimLt:. 

[0075]^-b? V—rmz^ T i 5r-^o-fb^a 
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IZX 0 , WKS#2 7 n mcOT i 0 2 &? < T1~?— 
■te\ P27hv^) Sr*tf3aW Kig?8 (JilT. 

F^?g 1 fc|5}«O^JIK J: 0 , W?4S*>'5 6 n mOT 
i 0 2 S[^ (T1-?— fe\ 1ST, P5 6i:v>d ) Sr-i-tr 

mm (hit. ^o-f H?f?g2tv>o > . y-mb 

«#1 1 2 nraOT i 0 2 &T (T7"^— fe\ JST. P 
1 1 2tv^5> £#t*:m4 K?§*£ (JST. 3D^( 

i£3hv^) . T%&@**1 9 8nmOTi0 2 8f 
(T-t-?— fc\ JST. P198tua> £-£tr:3u-f K 

mm (jst. H^?g4tv^) zwmvtz. % 

t>. ^ix4>«03o-f K?5K£l~ 4l,z-£&ti&T i 0 2 S 

[007 6} mz. aci-i vmmi—4<7)zti?tit,ziti 
txmmmi^mmm^m-t^tizx ot i o 2 &^ 

i. & ^ t iz x *)&.Tiz*k^-x h zmm ttc. 

[0077]^*), 30^fKMl^ffiUP2 
7<7V*$r-£tf^-.X h ( P 2 7^Wi ; 1 2®*%, 
OT. ^.-Xh 1 t\^o) , 3D-f F^lSl^cM 
K^4 2ri£ffiLTP2 7hP 1 9 8 2: CDSf:Ut£ P 2 
7 : P 1 9 8= 7 : 3 i: L?f<-X h ( JST. h 

LTP 2 7i: P 1 9 8fc<7>^ai:b2:P2 7 : P 1 98 = 
1 : 1 b Lfc^-X h (1ST. h 2 i: v>5 ) £P 

[00 78] ^LT. ^-XM^Sf«^i2lc0i 
BS:tCfflV\ ^-Xh2£F*)gB/f 2 3<^j£tCj8V\ 

x h 3 srs^co^ 2 2 <r>mmzm^ vfc . -f 3r;b*> . 

-XM~3 2rX^^->-EpSiJL7tC:i:I^Mi:. HSfePil 

1 i: l§J8t#Ji!C «fc 0 . jgBJKtt i .Ben i (c^^^ 
mas 2 ¥gs#M 2 i: |S|8l<7)fl§j£<^i^ffcm«§ ( gftW 
<^)ffiW ; lcm^ If; 1 2jum N 1^12 1^ 
JUS; Atxva. ft&m2 3cr>mm \ 4vm. g^l-gffOJI 

2 2<OSIS; 4 urn) ZBf&Lfz. 

[0079] (n^j4 ) ^mftm&ogmz&To*. 
o iz Lxft^tiz t mm. mm 1 1 mn^mizx 
ohi izm Ltzftmm i o &zm 3 ^ L^festijss 
±^m*te2 0 1 mm<vmfoztthftmmaf-&mmm 

[0080] -f 3:;b*>. H^StCiS^-CfflV^^-X 
h22r&pW>®2 1 ^Jfctcfflv**:. HS6CT3 



Jgfc. 20^ Ki§ig4 LT P 1 98^$:-& 
tf^-X h (P19 8<7>£3i& ; 1 2^fi%. OT. ^ 

mzm^tz. 

[0081 }*LT. ilS^^-Xh^X^'J-yEp 

m ttiz t mm. mmm 1 1 mn^miz x 0 . m*m 
m 1 ±izm 1 izTjk-t^mtmm 2 1 mm^m^^mf^ 

MM {%3tWoyffl&; 1. 0cm 2 . mm; 1 2um. 
MftU<7>m2 \<F>mW ; 4>um. F^g?®2 30®JP; 4 
xzm. mh%&m2 2cr>mm; 4 urn) ZBf&Lfz. 
[0082] (HMfi^t 5 ) Wfc«@<7)§g3i£WT?>J: 
dtcLTtr^^^iiW^ii. HSfi^Jl tmmco^mizX 

0 0 1 c« L^3t«6i 1 osixia 3 Lfc&mmam 

[008 3] ~t%b*>. mnm3iz}i^xmmttzoo 
4 vmm 1 mm3 zmm lx p 2 1 1 p 1 

1 2tcrm&iti P27:P112 = 7:3t L^— 
X h ( P 2 7^*i ; 8 . 4®S%. P 1 1 2<7y^^ 

s; 3. 6«*%. ot. ^-xh5t^o) zmm 

[0084] HJI^j3{ci3V>TPlML^^D-f F 
*»12WXTO>f H?§?g3Sr^LTP2 7fcPl 1 2 
tcrmmt* P27 : PI 12=1 : U L^-X h 

( P 2 7«0^» ; 6MM%. P 1 1 2ct>^» ; 6» 

*2 3*>#jaa=fflvvfc. SC. HMCT4{ci>v%TP^L 
Jt^-X F 4 S:fflV^T^hgp«0Ji 2 2 Ltz. 
[0085] ZLX. ±IB^#'<-Xh^X^U— yQJ 

m i ±^0 1 iz^q-mtmm 2 1 

VM (%%MCDffim ; 1. 0cm\ J1IP; 1 2//m v 
SrtSB£7)®2 lO^Jl : 4um. ft&m 2 3 OWM ; 4 
//m. jg^gP^S2 2^>e/S; 4/*m) Sr^L^. 

[0086] (n^M6 ) mmmtzti^xmmLtiP 

?S2€r<£ffltTP5 6^5r-^tf'<-Xh (P56c^- 

: 1 2%m%. &t. i-A h7 t^d ) zrnwi 
l. zti£ft&m2 3<vBf&izm^ti. mz. mmm4 
iz&^xmwiLtzP i osvyx.frhK&L-xvAzm 
\ixm.?\-u<r>m2 2cr>mwLi l zm^-rz. 

[008 7] ZLX. ±ie«0#^.-Xh5rX^'J-yEP 

mttiztmm. mmmitmmo^mizi:*). mm 
m i ±izm i iz^-t^mmm 2 1 mmmftwm 

t¥9M (gfiffiOWm ; 1 - Ocrnz. Bmi 2um. 
SrtS50@2 l^Jlil ; 4um. f*i&m 2 3 <r>MW- ; 4 

[00 88] (it«^Il ) HJ60iJltcfflv^X7U-l 
^Srffl^T lo<7)®<7)^4,^rl.^f4cfi : E5 (Sft® 
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com: 1. OcmK MO.; 1 5jum) £f|s«L*:£ 

Mfmt&mWMZimLt:. Z<r>i§&. x?V- 
1 <7m^mM 1 ±^OM^B. M^«i3lHlM03g-r 

[0 089] (it!&0y2) HJ&tflJl CIV^X7'J-1 

3rS; 4 0«S%. X7t>-5£-t&) ^P^L 
^£>3r&¥^ffcm«£ (^feffiOffiS; 1 . OcmM 

if ; i sum) ztmttzz twm. mumitmm 
[0090) atm%3> 

ox-zm^x l^comco^^h^mum^ (gym 

comm ; 1. OcmMI; 1 5vm) ZftMLtiZ 

4 commmm 1 ±^com^. mm* 3 mm 0 &t 
[0091] ( jt«W4 > mtm3tzm^te^-x h 1 

OWf ; 1 . 0cm!. jgjp; 1 2um) ZftMLfcZ 

twin, m&mi tmrn&^mizjt ^^mmm/^m 
1 com^mm 1 ±s\cDWifi. im* 3 mm nm- 

z\tlz&<o'fT-o-rz. 

[0092] (0Mffl5 ) mMM4 fcffl^*:^-* h 4 
<7)W»; 1. Ocm*. *Jg; 1 2/zm) 5r^SUl 

4Mil^«it, Mj£te3HM»?jIt- 

[0093] ( imm6 > ^js^i i tzm^ti^-x h 2 

<7mm \ 1. OcmK mm; 1 2jum) £fHKUfc£ 

twui. mmmitmrnco^mizx vxMm&v&m 
wsgtmw&zfmLt:. zcomts. «.-xh 
2coMBmmi ±'\cr,mtfi. mm. %m.i3.3mm*)m- 

[0094] umM7 ) ^gc?ij3tctjv>rra^L^3 



Set<rmmitt:P27 : P5 6 = 7 : 3hL^-X 
h (P2 70#3rfi; 8. 4Sffi%. PI 1 2<^i 
S;3 : 65«%. UT, ^h8i:V^ ) £P§3L 

Tfauj V®m2£mmVXP27kP5 6tcyM&it 
fcP27:P56=l:lfc Lt^-X h (P2 7<7>£- 
Wfi ; 6|tfi%. P 5 ; 6f«%. ^ 

tS§i?L*:3o-f K^2£fiyBLTP5 6W*£-£tf^ 
-X h ( P 5 6^*S ; 1 0 0M&%. JilT. ^-X 
h 1 Ok^o ) ^SWSLfc. 

[009 5] fLT> ^-Xh8$rfflV^TSl*^^2 
l$r^L. ^-Xh2^fflV^T^a5il2 3 5:^L. 
^-^M 0Srffl^TS^gP<0®2 2S:^sS;L. 3oco 
S*^^r-S>^«sm® (§^B^®« ; 1. Ocm^ 

mm-, 12 vm> zimLtczkWHi. mmmitm 

[0096] (J:b^l8 ) mMM3£t$^XffimLtlP 

i i: t= i 0 SrtSPO® 2 1 L/i. Jgt . H^0"i4 
(;fcV^rlii^L7tP 1 9 8^*^^rl>^.-Ah4 2:ffi 
^XMft&m2 1±lzx7V->Qimt l z£ZW]ti. & 

M^^^tV^I-S?OJI22^^b£L^. 
[ 0097 ] -f-LT. »fe^>Jl <h [SI«<7)#fI(cJ: 0 . S 

Bj«@i±tcsi iz^i-^f^mkmncoffif&cDtm 
2 1 tfos/P ; s m , m\-&com 2 2 com 

m; 4 Am) Sr^L/i. 

[0098] [«7ft«fttB^]SM»ttlS^*fif^V\ 

^js^j i 7 . it«^ i co&mm®gi±mmmcD 

(<7r?A^, ffi q a n ^ ; rwXS-8 
5-HSj ) 2:fflVK AM?<y^- (AM-1. 5) 
SrjiL/t^-feyy7>7"*^ 1 0 0mW/cm 2 WiiK 

fflv^T«a-«E«e«rateL. ^scmjE(v oc / 

V) . ( I s c/mA cm-2) , ft^H^ 

(f.f.) si*x*;wf-§0aaras (^/%) »^x>^. 

^JS^J l ~HM^I 7 . it«W l -JtK^J8<7)#feSiijS 

mcDt&gkzmuzTK-t. 

[0099] 

[«1 ] 
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I sc 


Voc 


F.F. 


n 




/mA • cm" 2 


/v 




/% 


mmmi 


13.0 


0.71 


0.69 


6.37 




13.2 


0.70 


0.68 


6.28 


mam 3 


14.7 


0.71 


0.69 


7.20 




14.5 


0.72 


0.70 


7.31 


i£M&i 5 


14.8 


0.70 


0.68 


7.04 


SgSiMffl 6 


14.6 


0.72 


0.69 


7.25 


&®tffl 1 


11.1 


0.67 


0.63 


4.C9 




11.3 


0.67 


0.63 


4.77 




12.1 


0.68 


0.65 


5.35 




11.7 


0.67 


0.62 


4.86 




10.0 


0.72 


0.67 


4.82 


Jt«flJ6 


13.8 


0.68 


0.63 


5.49 




12.6 


0.68 


0.64 


5.48 


it«0y8 


10.8 


0.68 


0.65 


4.77 



[ o i o o } m i ic5*ufcis*a»&Hji&a»$: <£ a m 

[0101] 

[i2iinc* LJt«w i o o <r>u^<r>m^skkmm 



[04 } *%B^3tm«s^z:iiis^^^^f!ism«i^ 

[07 1 hi iziji LfzftmmcDmemm&mz^^mR 
l-jswi, 3-aum 4- 

10, 11, 12. 13, 14-MS, 20- ■ 

*>Ji. i oo-*iii oogMHSUL 

CE-St, E-«H». Fl. F2, F3, -SBC 
Bk F2 2-¥*Sttm«l2cOgB5. L10-ASt3t, L 



[0i } 



[03] 
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cm&m mm %m 
{-mivm * mm 



flBauiwi«iWBBBr2TH#*fi 

®BU(W!l«T)iSIBB>r2TBl#ifi 7M is 
02)fHS# feS JRWf 

F?— 5F051 AA14 CB29 DA20 FA03 

5H032 AA06 AS16 CC14 CC16 EE02 
EE07 EE16 HHOO HH01 HH05 



